The origin and the progress of agriculture have relied since its beginning in the Neolithic era in the application of the best available knowledge. Plant domestication involved the identification of a limited number of plant and animal species and a narrow range of variation within the species that allowed their cultivation. Starting at the end of 18 th century the recognition of how important agronomic characters are transmitted gave rise to the science of genetics that was systematically applied during the last century. Recombinant DNA technologies are presently making an important impact in the breeding of new cultivars by the use of marker assisted selection and the use of genetic transgenesis. With the advent of massive sequencing and genotyping we are witnessing the appearance of a new dimension in our knowledge of the genetic and molecular basis of the characters that are important for crop improvement. All these developments are having a large impact in how research is being carried out. We are immersed in a new complexity that exists at the global level with both industrial and social consequences.
THE DEVELOPMENT OF AGRICULTURE
The development of agriculture has historically been based in the identification of a reduced number of species that have the appropriate features to be cultivated. From several international reports it can be concluded that out of approximately 500,000 species of flowering plants, around 30,000 of them might have something edible, and around 4000 have been considered as cultivated crops (Sanchez-Monge, 1992) at some period of the evolution of human societies. However at this moment only 120 plant species are important for local communities of which 30 provide 90% of the calories that people use for their living. Three main cereals: wheat, rice and maize, provide about 50% of the energy we obtain from plants.
Agriculture is one of the founding steps of human civilization and plant and animal domestication are essential requirements for its development. The extraordinary discovery, between 10,000 and 50,000 years ago, of a few species or plants and animals that might be cultivated or domesticated indicates a patient wisdom of identification of plant and animal populations and individuals that have unique properties to produce food and other materials. This discovery permitted a complex Neolithic society to survive. We know now that these properties correspond to genetic variants that are only present in a small number of species. The analysis of these properties by the use of molecular methods (Salamini et al., 2002; Doebley, 2004; Li et al., 2006) is allowing the retracing of complex pathway that led to agriculture. This new production of food but also of feed and fibre became efficient enough to allow that a significant proportion of societies may be devoted to activities other that hunting and gathering. When the period of long maritime travels concluded in the 18 th century, most of cultivated plants were transported to different regions of the world. At the beginning of 21 st century the success of agricultural production allowed an unprecedented concentration of food production by a small minority of societies.
THE IMPACT OF GENETICS AND PLANT BREEDING
During the 20 th century scientific discoveries and technological developments were systematically applied to agricultural production. These include technological developments, such as mechanisation, irrigation, fertiliser, and pesticide use. Since the beginning of the 20 th century the science of genetics has developed enormously and its application to plants has become a new science on its own that we include under the term plant breeding. Starting in the first decade of the century in species such as maize, plant breeding has had an enormous influence upon crop productivity and was responsible for the Green Revolution that had a large impact in cereal production especially in Latin America and Asia. The production of food during this period allowed responding in general terms to the demands of the continuous increase of human population. Nevertheless large portions of the planet were left out of the benefits of modern food production and problems of malnutrition and hunger have not been solved in some regions of the world. The challenges of world food production continue (Food and Agricultural Organization, 2008) .
DNA-basedApproaches
The second half of the 20 th century has witnessed the remarkable development of DNA technologies. Recombinant DNA methods allow amplifying DNA fragments from any origin and provides information on the expression of proteins that they code. As a consequence, our knowledge of the molecular basis of cell functions has increased enormously. At the same time new applications with industrial interest have been developed changing the paradigms of biological research. Scientists and universities started considering the filing of patents as one of the main outcomes of biological research because it has the potential of producing exciting economic benefits. At the same time a debate was initiated on the safety and ethical consequences of the new technology, a dispute that continues in modern biology.
Plant Transformation
Recombinant DNA techniques have had important effects of plant biology and its applications for plant breeding. The improvement of plant cultivars relies on the systematic use of genetic variability. Technologies based on DNA help breeding by providing markers that accelerate obtaining the desired combination of traits in crops and also developed ways to increase genetic variability by the introduction of genes constructed in the laboratory by molecular means. The feasibility of genetic modification of plants was demonstrated in 1983 using the ability of strains of the bacterium Agrobacterium tumefaciens to transfer DNA fragments to the genome of plants they infect (Barton et al., 1983; Herrera-Estrella et al., 1983) . The production of transgenic plants immediately attracted the attention of scientists, breeders, and the general public from at least two points of view. First, the introduction of new characters that may not exist in a given species has direct uses in agriculture. Second, is the concern how these powerful new techniques might be used and exploited. These two points of view have been in continuous conflict ever since.
In order to attempt to solve the doubts that may be expressed about the use of genetically modified plants in the United States a Coordinated Framework for the use of Biotechnology was approved in 1986. In Europe, a Directive on the Deliberate Release of Genetically Modified Organisms was approved in 1990 and most of the countries approved similar types of regulation. They include procedures for risk analysis that attempt to minimize any negative effect that the new cultivars may produce to human and animal health or to the environment. These regulations are based on the scientific analysis of the risks (GMO Panel, 2006) and have been constantly modified. These regulations are now in force globally with significant local differences. They have created a new framework for the global seed industry.
The Impact of Transgenic Plants
The first transgenic plants were cultivated in 1994 and genetically modified organisms (GMO) have been expanding worldwide. More than 140 million hectares are cultivated with soybean, maize, cotton, and rapeseed either resistant to insects, tolerant to herbicides, or both. The main countries using these genetically modified crops are in North and South America as well as South Africa and some Asian countries. In Europe the surface cultivated by GMO plants is reduced and only Spain has a significant proportion of insect-resistant maize. The use of these plants is still controversial, especially in Europe, and reports on the general issues regarding these cultivars have been published (Nuffield Council of Bioethics, 1999) . This new technology has had important effects in the structure of the seed industry, in consumer perception, and in consumer issues, such as labelling of food products.
The introduction of GMO seeds has contributed to a number of important changes in the industrial environment of agriculture. The added value of the engineered traits in the commercial seeds has produced important benefits to seed companies that commercialize them leading to a concentration of many seed companies. The increasing cost of the regulatory requirements has also contributed to this concentration that has led to a negative perception of the function of the seed industry. In this environment the large seed companies have pushed towards a more widespread use of the patent system in plants instead of the protection offered by the UPOV system. This trend has often been opposed by small seed companies and by academia among other stakeholders. This changing situation is not stabilized and the appearance of traits that may have direct benefits for consumers such as oils with better composition or increased vitamin content and the investments in GMO seeds by emergent countries such as China, India or Brazil may profoundly modify the situation in the future.
The Advent of Genomics
Knowledge of the molecular basis of plant genetics has been increasing rapidly after the sequencing of the model plant Arabidopsis thaliana (European Union Arabidopsis Genome Sequencing Consortium, 1999; Arabidopsis Genomic Initiative, 2000). The list of plant genomes available is steadily increasing (International Rice Sequencing Consortium, 2005; Tuskan et al., 2006; Jaillon et al., 2007) and it is very probable that in the near future the genomes of the main crop plants will be sequenced. The tremendous reduction in the cost of massive sequencing technologies has made possible the decipherment of entire genomes of specific cultivars. Massive genotyping approaches is rapidly being applied in plant breeding allowing an acceleration of the production of new plant cultivars. In this way projects thought to be impossible just a few years ago are now becoming a reality. In addition to sequencing and genotyping, other technologies such as metabolomics and new ways of systematic phenotyping in culture are being applied and are having an impact of plant breeding
FUTURE CHALLENGES
These new methods in biotechnology have occurred in a period when the challenges facing food production at a global scale are still critical in many parts of the world, particularly Africa. Clearly, the systematic application of genetics, as well as improved agronomic systems during the 20 th century, have produced a continuous increase in food production at a speed that has matched the expanding growth of human population. Nevertheless the number of people suffering malnutrition or hunger is only slowly decreasing while the effects of inappropriate eating habits that have resulted in such problems as obesity are being felt worldwide. FAO (2008) has predicted that a 70% increase of food by agriculture will be necessary in the next 40 years to meet the demand on an increasing population. And we know that a changing climate will have important effects on the agricultural environment. The production of sufficient food for an increased human population is important but food must also be safe, healthy, and tasty. The achievement of this goal in a changing climate is a challenge. We know that some agricultural practices are environmentally aggressive such that the use of water, soil, fertiliser inputs and plant protection methods need to be revised. A number of studies have reviewed this situation calling for urgent solutions ( 
CONCLUSIONS
Those who work in the discipline of plant breeding face important tasks in a globalized economy. We all know that science and technology is a universal enterprise and that at this moment some countries are emerging as leaders. We are encountering an increasing complexity in plant agriculture because seed industries are undergoing changes in their structure and in the way they protect their intellectual property. A novelty in agriculture is the existence of strict regulatory systems that not only focus on GMO plants but extend in other types of practices such as organic agriculture. This makes seed production and crop growing more complex. Finally, agriculture operates in a complex social context. Some agricultural practices are considered too aggressive to the environment. Many consumers are increasingly concerned on how food is produced as well as the health consequences of the food they consume. Agricultural complexity will continue to increase in the coming years at the same times we must cope with societal demands on our food and food systems. Hopefully the scientific tools we are developing will help to resolve the issues facing agriculture and society in a complex and challenged world enivonment. 
Literature Cited

